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The aim of this study was to compare hair corticosteroid concentrations in 
ectoparasiticide-treated (n = 10) and non-treated (n = 12) Holstein cows. Animals 
in the treated group received cyfluthrin three times, on days 0, 28 and 56 of the 
experiment. Hair samples were collected from all cows on days 0, 21, 42, 63, and 
84 of the experiment for the determination of cortisol and corticosterone concen-
trations using immunoassays. The respective hair cortisol concentrations in the 
treated group averaged 209.78, 165.10, 260.78, 177.44 and 183.11 ng/g, while in 
the non-treated group hair cortisol concentrations averaged 172.58, 243.58, 
309.73, 199.75 and 207.09 ng/g. These results indicate that the control of ectopar-
asites reduced hair cortisol levels in dairy cows. The respective hair corticosterone 
concentrations in the treated group averaged 19.06, 22.95, 21.95, 21.60 and 
24.84 ng/g and in the non-treated group the hair corticosterone concentrations av-
eraged 17.28, 21.94, 34.05, 26.27 and 26.91 ng/g. The results suggest that long-
term stress can be estimated better by the determination of hair cortisol rather than 
corticosterone concentrations. 
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In the warm seasons, control of ectoparasites is recommended in dairy cat-
tle. Several ectoparasiticides are used for this purpose (Taylor, 2001), although 
pour-on pyrethroids are the most common. Ectoparasites are factors which com-
monly cause chronic stress reaction in cases of long-term exposure (Baldacchino 
et al., 2013). Stress enhances acute (Kovács et al., 2016) and chronic (Kovács et 
al., 2015) hypothalamus–pituitary–adrenal axis (HPA) responses in cattle, result-
ing in increased corticosteroid secretion from the adrenal cortex. Cortisol con-
centrations in the blood, saliva, and milk reflect short-term (Queyras and Carosi, 
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2004), whereas cortisol concentrations in the hair reflect long-term HPA activity 
(Meyer and Novak, 2012). The aim of this study was to compare hair cortisol 
and corticosterone concentrations in ectoparasiticide-treated and non-treated 
dairy cows. Additionally, a method for the identification of long-term stress 
based on the determination of cortisol level in the hair was established. 
The experiment was approved by the Ethics Committee of the Faculty of 
Veterinary Medicine, University of Belgrade (number 01-19/4). The study was 
performed at a dairy farm in Belgrade, Serbia, located at coordinates 44049'14'' 
North and 20027'44'' East, from July to September 2014. The environmental con-
ditions driving heat stress are presented using the temperature–humidity index 
(THI), which combines the effects of environmental temperature with relative 
humidity. Average temperature in July and August was 23.2 °C and THI was 
78.8, while in September average temperature was 18.1 °C and THI was 66.7. 
Twenty-two healthy mid-lactating Holstein cows aged 4 to 8 years, with similar 
milk production in the previous lactation, were selected for the study. All select-
ed cows were maintained under a loose housing system, fed a total mixed ration 
twice a day and provided with drinking water ad libitum. The animals were di-
vided into a treated group (n = 10) and a non-treated (n = 12) group that were 
housed separately in the same stall. The cows from the treated group were initially 
treated with the pyrethroid ectoparasiticide cyfluthrin (Bayofly pour-on, Bayer, 
Berlin, Germany). Ten mL of the drug was applied to the cow’s back. The treat-
ment was repeated after 28 and 56 days. Hair samples (0.5 g) were collected be-
fore initial treatment on day 0 (S0), and 21 (S1), 42 (S2), 63 (S3) and 84 (S4) 
days after the first treatment, meaning that S0, S1 and S2 were performed during 
July and August while S3 and S4 in September. Each hair sample was obtained 
from the middle part of the tail using an electric hair clipper. The samples were 
stored at –20 °C until analysis. Prior to the measurement cortisol and corti-
costerone were extracted from the hair with methanol as described by Nedić et al. 
(2017). Cortisol and corticosterone concentrations in the hair extracts were de-
termined using commercial ELISA kits (Demeditec, Kiel-Walsee, Germany). 
Partial validations of hair cortisol and corticosterone detection were performed 
(Nedić et al., 2017). 
Data were analysed using the Statistica v.8 commercial software (StatSoft, 
Inc., Tulsa, OK, USA). The normality of data distribution was tested using the 
Shapiro-Wilk test. Significant differences were determined by a mixed between-
within design ANOVA model with two factors, using Fisher LSD post hoc test. 
Statistical significance was considered at P < 0.05. 
No differences were found in hair corticosteroid levels between the treated 
and non-treated animals in samples at day 0 prior to the ectoparasiticide treat-
ment (P = 0.31), suggesting that the incorporation and loading intensity of these 
hormones into the hair before S0 were equal in both groups, probably due to 
their exposure to the same environmental conditions. However, in S1 and S2, the 
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hair cortisol concentrations in the treated group were significantly lower than the 
concentrations in the non-treated group (Table 1). This result indicates that the 
ectoparasiticide decreased long-term stress caused by ectoparasites in the warm-
est period of the year and thus influenced the HPA activity. No significant differ-
ences in cortisol concentrations in the hair between groups were found in sam-
pling periods S3 (P = 0.29) and S4 (P = 0.31), probably because the temperature 
was lower than in the previous periods and, consequently, there was a decreased 
ectoparasite infestation. 
Table 1 
Cortisol and corticosterone concentrations in the hair of non-treated (n = 12) and cyfluthrin-treated 
cows (n = 10) 
Days  
after  
the first 
treatment 
Cortisol in hair (ng/g) Corticosterone in hair (ng/g) 
Non-treated group 
Mean ± SE 
Treated group 
Mean ± SE 
Non-treated group 
Mean ± SE 
Treated group 
Mean ± SE 
00 172.58 ± 24.45aA 209.78 ± 25.60aAB 17.28 ± 1.33cA 19.06 ± 1.08cA 
21 243.58 ± 28.16aAB 165.10 ± 14.05bA 21.94 ± 2.04cB 22.95 ± 0.91cA 
42 309.73 ± 14.14aB 260.78 ± 13.08bB 34.05 ± 2.63cC 21.95 ± 0.97dA 
63 199.75 ± 13.07aA 177.44 ± 16.24aA 26.27 ± 1.91cC 21.60 ± 1.91cA 
84 207.09 ± 11.67aA 183.11 ± 21.02aA 26.91 ± 2.17cB 24.84 ± 1.31cA 
a,bCortisol concentrations in the same rows with different superscripts differ significantly (P < 
0.05); c,dcorticosterone concentrations in the same rows with different superscripts differ signifi-
cantly (P < 0.01); A,B,Ccortisol or corticosterone concentrations in the same columns with different 
superscripts differ significantly (P < 0.01) 
 
The corticosterone concentration in the treated group was significantly 
lower only in S2, in the hottest period of the year, when the maximal daily tem-
perature was 29.3 °C. This suggests that corticosterone loading into the hair is less 
intensive than cortisol loading, particularly if the corticosterone/cortisol ratio in 
the blood is considered. As described by Venkataseshu and Estergreen (1970), the 
serum corticosterone/cortisol ratio is around 1:4. In this study the corticosterone/ 
cortisol ratio ranged between 1:7.6 and 1:11.5. This suggests that the hair’s corti-
costerone accumulation dynamics are less intense than its cortisol accumulation 
dynamics. Additionally, high hair cortisol and corticosterone levels were deter-
mined in S2, which was performed in the middle of August. In both the treated 
and the non-treated groups, the cortisol and corticosterone values were signifi-
cantly higher than the values obtained in the previous samples. This finding may 
be due to heat stress (THImax = 83.3), since sampling was performed during the 
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hottest season. The hair cortisol and corticosterone concentrations at S2 were 
significantly lower in both groups, indicating that despite the elevated tempera-
tures, the treated animals were effectively protected from ectoparasites and thus 
were exposed to lower degrees of stress. Since after the first treatment with ecto-
parasiticide the hair cortisol levels were higher in the non-treated cows than in 
the treated ones, we presumed that hair cortisol level is a useful indicator of 
chronic stress. 
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